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(g) Object locator system. 

(5?) An object locating system, especially for use 
in locating a gaming ball in the game of football, 
utilizes a series of three sensors positioned on 
one side of a football playing field and a calib- 
ration source positioned on the other side. The 
calibration source emits an ultrasonic signal 
which is received by the sensors in order to 
provide a calibration signal. A ball marking unit 
is positionable on the field at a location of the 
ball and emits an ultrasonic signal which is 
received by the sensors and an RF signal which 
is received by the calibration source in order to 
turn the calibration source off. The sensors 
provide signals in which a processing unit cal- 
culates time delays by a time acquisition pro- 
cess in order to determine the position of the 
ball. In an alternate embodiment, the ball mark- 
ing unit emits only an RF signal which is re- 
ceived by the sensors. The sensors again 
provide signals which are analyzed by the pro- 
cessing unit to determine delay between receipt 
of the signals at the sensors. Additionally, an 
automatic bail marking unit on a track drive can 
be controlled by the processing unit to auto- 
matically provide a visual representation of the 
ball's location. 



X 
i 

A 



3. 

4> 



c 




a so 



Q. 
Ul 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



1 



EP 0 585 101 A2 



2 



Background of the Invention ■ 

1. Field of the Invention , 

This invention relates generally to systems for lo- 
cating an object and, more particularly, to systems for 
determining the position of a gaming ball relative to a 
playing field by use of radio frequency and ultrasonic 
transmitters and receivers. 

2. Discussion of the Related Art 



In certain games incorporating gaming bails, it is 
generally crucial to the fairness of the game that the 
location of the gaming ball be reasonably accurately 
determined relative to a playing field. Typically, mul- 
tiple gaming officials are utilized for determining the 
ball's location, and thus, a certain amount of subjec- 
tivity is interjected into the game which may result in 
substantial mistakes due to human nature possibly af- 
fecting the fairness of the play. With particular refer- 
ence to football, it is necessary to determine the lo- 
cation of the football so as to enable the officials to 
accurately monitor "first down" situations, as well as, 
repositioning the football relative to a previous loca- 
tion. Additionally, the speed at which the game is 
played may be substantially affected by how quickly 
the gaming ball can be accurately located. Further- 
more, the number of gaming officials necessary to of- 
ficiate the game may also be substantially dependent 
on the ability of the officials to accurately determine 
the ball location. Therefore, different methods have 
been employed to at least assist the gaming officials 
in determining the location of the gaming ball. 

Current technology has seen the use of instant- 
replay video equipment utilized for immediate reva- 
luation of close game play. This method, however, re- 
quires the interaction between gaming officials and 
broadcast technicians and involves the use of expen- 
sive cameras and video equipment not normally avail- 
able at most sporting events. Additionally, stop-action 
photography equipment has been used to record pho- 
to-finish events. This method, while providing a per- 
manent record, introduces additional time delay into 
the particular sporting event unless used in conjunc- 
tion with instant replay video equipment, and there- 
fore, would be subject to the same disadvantages as 
mentioned above. Further, photosensitive devices 
have been installed at appropriate locations which are 
triggered when a gaming ball or other apparatus or 
player crosses marked boundaries. This method is, 
however, restricted to boundary locations and does 
not address the game ball's location during the vast 
majority of play when the ball- is- at random locations 
and not at or crossing a boundary. Also, buried wires 
have been placed on field boundaries to magnetically 
detect a modified game ball as it passes over marked 
boundaries. This method, similar to the photosensi- 



tive devices described above, also requires modifica- 
tion of the gaming ball or other apparatus restricting 
the use of commonly available sporting devices and 
subjecting the devices to the rigors of the game. 

5 The use of ultrasonic devices to measure distanc- 

es is known. Ultrasonic measurement is, however, 
generally dependent upon consistent transducer cou- 
pling to the surrounding environment and the relative 
stability of that environment. Inconsistent results oc- 

w cur because ultrasonic waves will change under dif- 
ferent environmental conditions as the sound waves 
pass through various media. Furthermore, playing 
field conditions could dynamically change over the 
playing season as a result of climatic variances, and 

15 even change during a single game itself due to player 
activity or changes in weather. Because playing field 
conditions can vary greatly, successful coupling of 
the transducers to the environment would be difficult 
to consistently achieve. In order, to .accommodate 

20 these environmental changes,* sophisticated calibra- 
tion methods of guaranteeing continued accuracy 
would have to be employed, thus increasing the cost 
and complexity of the system and sending the system 
beyond the reach of the resources of average schools 

25 and athletic departments.- Consequently, the use .of 
ultrasonics in ball locator systems has heretofore 
been limited. 

Because of the limitations of soundwaves as just 
discussed, it has been known to use radio frequency 

30 systems as gaming ball locators. Since radio frequen- 
cy waves travel at very high speeds, environmental, 
conditions have little effect on the wave propagation, i 
One prior art football locating system using radio frev. 
quency waves is disclosed in U.S. Patent No. 

35 4,675,81 6 issued to Brandon, et al. That patent disclo-. 
ses a ball locator system in which a gaming official 
positions a radio transmitter at the football's location 
and then energizes the transmitter to send a radio sig- 
nal to a series of rotating antennas positioned ?at pre-; 

40 determined locations relative to the playing field; The. 
antennas "home" in on the transmitted signal - and, 
through the use of triangulation principles, the posi- 
tion of the football is determined relative r to the play- 
ing field. , " . , t . ~ 

45 The above described radio frequency ball locator, 

as well as other radio frequency ball locators, suffer 
from a number of limitations and drawbacks. Because 
of the relatively small area of the playing f ield in com- 
parison-ta the speed of the signal, the accuracy ob- 

so tainable by the system would be limited due to the ef- 
fective beam width of the radio frequency signal: In 
other words, because: a greater portion of t he beam 
width would be icf a sufficient magnitude.for the an- 
tennasjto home in on, a certain degree of unaccept- 

55 able tolerance would induce sufficient errors in the 
calculations. Additionally, because the antennas are 
rotating, the ^radiation source must be on for a suffi- 
cient time to allowthe antennas to be positioned in the 
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desirable orientation. This places a fairly high de- 
mand on the antenna positioning system. 

What is needed then is an object locating system 
which can be used for locating a gaming ball and 
which in one application utilizes the slow speed of 
sound waves, but does not suffer the environmental 
drawbacks associated with the prior art devices, or in 
an alternate application utilizes radio frequency tech- 
nology in an effective manner. It is therefore an object 
of the present invention to provide these systems. 

Summary of the Invention 

This invention discloses object locator systems 
having a particular use for locating a gaming bail rel- 
ative to a playing field. In one preferred ultrasonic em- 
bod iment, a locating system includes a calibration 
source on one side of the playing field, a number of 
sensing modules on an opposite side of the field, and 
a portable ultrasonic ball marking unit position able on 
the field at the ball's location. The calibration source 
includes an ultrasonic transducer for emitting an ultra- 
sonic sound wave at a particular sonic frequency and 
a radio frequency receiving circuit for receiving a radio 
frequency signal. The portable ball marking unit in- 
cludes an' ultrasonic transducer for emitting an ultra- 
sonic sound wave at substantially the same frequen- 
cy as the calibration source and a radio frequency 
source for emitting a radio frequency signal for switch- 
ing the calibration source off during ball marking pro- 
cedures: The sensing modules include ultrasonic re-' 
ceivers for receiving the ultrasonic signals from both 
the calibration 1 source and, the ball marking unit A 
processing unit processes the signals sensed by the 
module'sensors. ... 

In Operation, the calibration source continuously 
emits an ultrasonic signal which is received by the 
sensor modules. The sensing modules in turn convert 
the ultrasonic signal to proportionate electrical sig- 
nals and send the electrical signals to the processing 
unit A time delay is administered to the electrical sig- 
nals such that the processing unit perceives the ultra- 
sonic signal' to have been received by a reference 
sensor first such that the signals received by the 
other sensors are referenced relative to the reference : 
sensor. Each of the electrical signals from the sensing 
modules are processed by the processing unit to 
measure their relative time difference in order to cal- - 
ibrate the system to the instantaneous environmental . 
conditions. 1 i v - .'*V ^ 

When a gaming official wishes to determine the s 
ball's location, he places the ball marking unit at the ' 
location of the ball and activates it. The ball marking 
unit then emits an ultrasonic frequency to the sensing; 
modules and a radio frequency signal to the catibraA. 
tion source and the sensing modules. The radio fre- ! - 
quency signal causes the calibration source to switch 
itself off such that the only ultrasonic signal that the * 



sensing modules receive is from the ball marking unit 
The processing unit receives the signals from the 
sensing modules and determines the ball, marking 
unifs location through a delay time acquisition proc- 

5 ess, taking into consideration adjustments for envir- 
onmental conditions as previously calculated by the 
signal from the calibration source. 

In an alternate radio frequency (RF) embodiment, 
a number of RF receivers are positioned relative to 

10 the playing field. A portable ball marking unit is pos- 
itionable on the field and when activated sends an RF 
signal to be received by each of the RF receivers. As 
above, a reference receiver always receives the RF 
signal first. The signal from the reference receiver is 

15 then applied to a series of programmable delay cir- 
cuits which incrementally delay the received signal a 
predetermined amount The delayed signal is sepa- 
rately compared to the signals from the other receiv- 
ers in threshold logic circuits, and an output of the 

20 threshold logic circuits is applied to the programma- 
ble delay circuits for sending a signal indicative of 
when the signal from the reference receiver has been 
delayed enough to match in time the signals from the 
other receivers. When the delay times between the 

25 reference receiver and each of the other receivers 
have been determined, these delay times are com- 
pared by a processing unit to determine the position 
of the gaming ball by a delay time acquisition process. 
If desirable, a set of additional receivers can be incor- 

30 porated in order to derive a vertical position of t he ob- 
ject to be located. 

The delay time acquisition process compares the 
different time delays in order to determine the posi- 
tion of the ball. The process maps the playing field 

35 into two sets of elliptical cylindrical coordinates cen- 
tered midway between the location of the reference 
receiver and either of the other receivers. By deter- 
mining along which coordinate ray of each coordinate : 
system the received signal is being generated, and 

40 then tracing these coordinate rays out from the side- 
line position, it is possible to determine the conver- 
gence of the rays, and thus the location of the port- 
able ball marking unit which indicates the ball's loca- 
tion within a minimum tolerance. 

45 The systems discussed above may include an 

automatic bail marker and first down marker fixed to 
a drive chain running the length of the field for pro- 
viding a visual reference of the football location and 
the down. In this manner, the processing unit assoch 

so ated with the systems is connected to the driving de- 
vices which drive the chains connected to the first 
down marker and ball marker. Consequently, not only 
can the system determine the ball's position, but also 
» can automatically provide a visual display of this lo- 
ss cation. Additional objects, advantages, and features 
of the present invention will become apparent from 
the following description and the appended claims, 
taken in conjunction with the accompanying draw- 
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ings. 

Brief Description of the Drawings 

FIG. 1 is an illustration of a playing field incorpor- 
ating a ball locating system according to prefer- 
red embodiments of the present invention; 
FIG. 2 is a signal processing unit which processes 
ultrasonic and radio frequency signals as a part 
of the ball locating system; 
FIG. 3 is a portable ball marking unit according to 
a preferred embodiment of the present invention; 
FIG. 4 is a sensing module according to a prefer- 
red embodiment of the present invention; 
FIG. 5 is a calibration source according to a pre- 
ferred embodiment of the present invention; 
FIG. 6(a) is a schematic block diagram of an ob- 
ject locating system according to another prefer- 
red embodiment of the present invention; 
FIG. 6(b) is a receiver position depiction of receiv- 
ers of the system of FIG. 6(a); 
FIG. 6(c) is a circuit diagram of one of the thresh- 
old logic elements of FIG. 6(a); 
FIG. 7 is a graphic representation of the playing 
field of FIG. 1; 

FIGS. 8{a)-8(b) are coordinate axes depictions of 
the playing field of FIG. 1 ; 
FIG. 9 is a representation of a ray convergence 
process for locating a position relative to the play- 
ing field of FIG. 1; 

FIG. 10 is a flow chart showing the steps of a ball 
location process according to one preferred em- 
bodiment of the present invention; 
FIG. 1 1 is a side view of an automatic ball marking 
system as depicted in FIG. 1; 
FIG. 12 is a cut-away side view of a portion of the 
ball marking system of FIG. 11 ; 
FIG. 13 is a cut-away side view of a second por- 
tion of the ball marking system of FIG. 11; 
FIG. 14 is a cut-away end view of a third portion 
of the ball marking system of FIG. 11; and 
FIG. 15 is a cut-away side view of a ball marker. 

Detailed Description of the Preferred 
Embodiments 

The following discussion of the preferred embodi- 
ments concerning bail locating systems and proce- 
dures is merely exemplary in nature and is in no way 
intended to limit the invention or its application or 
uses. 

The discussion of the locating systems of the 
present invention will be given with particular refer- 
ence to the location of a football, but it should be un- 
derstood that the system is adaptable to other games 
and sports, as well as other non-gaming applications 
such as security systems, geophysical services, mili- 
tary, and virtual reality, without departing from the 



spirit and scope of the inyention. 

With this in mind, f irst refer to FIG. 1 in which a 
football playing field 10 is shown. The playing field 10 
includes a first side line 12, a second, opposite side 
5 line 14, a first end zone region 16 and a second op- 
posite end zone region 18. Further, a first goal post 
target 20 is shown relative to the end zone 16 and a 
second goal post 22 is shown relative, to the end zone 
18. 

10 ,. Incorporated in association with the playing field 
1 0 is a ball marking system 15 for automatically pro- 
viding a visible representation of the football's loca- 
tion and the appropriate down and first down dis- . 
tance. As will bediscussed in greater detail below with 

15 particular referenced FIG. 11, the bail marking sysr 
tern 15 includes a first control unit 1.7 connected to 
one end of a segmented aluminum track drive 19 and 
a second control unit 21 connected to the opposite 
end of the track drive 19. A pair. of drive chains trav- 

20 eling through the track drive 19 between the control 
units 17 and 21 position a ball marker 23 and a first 
down marker 25. , . . - : : _. ; . r. 

Also incorporated. in association with the playing . 
field lOisaballlcJcatingsystemacccfdingtoonepre- 

25 ferred embodiment of the present inyention. The ball 
locating system includes a calibration source 24 posi- 
tioned a predetermined distance from the side line 12 
and three ultrasonic module sensors 26, 28 and : 30 
positioned at predetermined, locations relative to the : 

30 opposite side line - 14,. as shown. The calibration 
source 24 is operable to emit an ultrasonic frequency, 
signal at a particular frequency f, and the sensing,- 
modules are operable to receive this signal, as will be « 
discussed in greater detail below. Additionally, a ball 

35 marking unit 32 is positioned at a specific location on 
the playing field 10 relative to the position of a football . 
(not shown) and is portable such that it can be moved 
to alternate locations on the field 10. The portable bail 
marking unit 32 is operable to transmit an ultrasonic. 

40 frequency substantially at the same frequency ^ as, 
the calibration source 24 emits its ultrasonic frequen- 
cy, and a radio frequency signal at a second frequen- 
cy f 2 in order to instruct the. calibration source 24 to 
discontinue emitting its : signal., A signal processing 

45 unit 34 is incorporated ,to : receive .electrical signals 
from the module sensors 26, 28 and 30 and process 
these signals to produce delay signals. The delay sig- 
nals are. then.sent to a centraLprocessing unit (CPU) 
36 for performing time acquisition computations on 

so the signaJs { for determining the position of the foot- 
ball. Alternatively; the. processing unit 34 and the 
CPU 36 can be a single device. 

Turning to FIG. 2, each of the .ultrasonic sensing 
modules 26, 28 ? and 30 is shown electrically connect- 

55 ed to the signal processing unit 34 by means of a ser- 
ies of velocity-compensated coaxial cables 40, 42 
and 44, resr^ctrvely. As mentioned ^above, each of 
the sensing modules. 26, 28 and 30 receives the ul- 
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trasonic signal f, whether it is coming from the calibra- 
tion source 24 or the portable ball marking unit 32. 
Once the sensing modules 26, 28 and 30 convert the 
acoustical energy into electrical energy, they transfer 
the electrical signal to the processing unit 34 by the 5 
coaxial cables 40, 42 and 44. The application of the 
electrical signals to the coaxial cables 40, 42 and 44 
is such that electrical signals from the modules 26 
and 30 do not reach the processing unit 34 before the 
signal from the module 28. In this manner, the sensor 10 
module 28 acts as a reference module and it is the 
comparison of the difference between the delay time ■ 
of the signal received at the module 26 and the mod- 
ule 28, and the delay time between the signal re- 
ceived at the module 30 and the module 28 which is 15 
analyzed to determine the ball's location. 

In the processing unit 34, the coaxial cable 40 is 
electrically connected to a first limiter circuit 46, the 
coaxial cable 42 is electrically connected to a second 
limiter circuit 48, and the third coaxial cable 44 is elec- 20 
trically connected to a third limiter circuit 50 in order 
to filter the electrical signals and achieve greater 
noise immunity "The outputs from each of the limiter 
circu its'46, 48 and 50' are t Hen applied to t hiree sep- 
arate threshold detection' circuits 52, 54, arid 56; re- 25 
spectively, as shown. The threshold detection circuits 
52, 54; arid 56 apply a minimum threshold compari- 
son to the electrical signals from the sensing modules 
26, 28 arid 30 in order to provide a minimum signal 
level to reduce the probability of detecting false sig- 30 
nals. The outputs from each of t he t hres hoi d detection 
circuits 52, 54 and 56 are then applied to the central 
processing unit 36 as interrupt signals 58, 60 and 62, 
respectively. The CPU 36 measures the relative time s 
difference between the difference of the signals re- 35 
ceived at the modules 26 and 28 and the difference 
of the signals received at t he modules 30 and 28, and 
performs computations to determine the ball's posi- 
tion as will be discussed irf greater detail below. • ' 

The signal processing unit 34 also receives the 40 
radio frequency f^ frorrvthe portable ball marking unit 
32 by an antenna 64 so that the processing unit 34 
knows if it is receding signals emitted by the calibra- 
tion source 24 or the 1 portable ball marking unit 32. 
The antenna 64 transmitsthe received radio frequen- ' 45 
cy signal f 2 to an 6n-charihel ; receiver 66. Trie output 
of t he receiver 66 is applied to a demod ulation circu it 
68 to provide interrupt signal 70 l indicating whether 3 
the ball marking unit 32 is active aridrdeperiding oh : 
which directional button (discussed below) was press^ so 
ed on the ball marking unit 32, provides interrupt i re- 
formation on whet her the game activities are directed 
toward the goal 20 or the goal 22 on output lines 72 : 
and 74. Interrupt output 75 provides CPU 36' with an 
indication that bail marking unit 32 is in a relocate or : 55' 
reposition mode of operation, wherein the user is at- 1 : 
tempting to determine a previously calculated dosh - 
tion of the ball. Additionally, the signal processing unit - * ■ 



34 includes an astable multivibrator 76 for generating 
a docking frequency applied to the central processing 
unit 36 as a timing reference to be used with the lo- 
cating method to be discussed below. 

Signal processing unit 34 additionally includes rf 
signal generator 63 receiving signal generating inputs 
65,67 and 69 from CPU 36 and having a modulated 
output with carrier frequency f 3 coupled to radiating 
antenna 61. As will be explained in greater detail be- 
low, when a RELOCATE or REPOSITION switch on 
ball marking unit 32 is activated, CPU 36 enters a 
mode wherein a currently calculated position of unit 
32 is compared to the last previously determined pos- 
ition of the ball. The location of unit 32 relative to the 
last ball location is then indicated to unit 32 via LEFT, 
RIGHT or IN-POSITION signals on leads 65, 67 and 
69. Such signals are then transmitted to ball locator 
unit 32 via signal generator 63 and antenna 61. 

Now turning to FIG. 3, the details of the portable : 
ball marking unit 32 will be discussed. The portable 
ball marking unit 32 is shown positioned relative to 
the playing field 10 such that a tuned port 80 associ- 
ated with the unit 32 is a known, desirable distance 
82 above the surface of the playing field 10. The ball 
marking unit 32 includes a housing 84 for enclosing 
the different components associated with the unit 32 
and a wrist strap 86 so that the gaming official can 
easily carry and hold the unit 32. The tuned port 80 
is a molded cavity within the housing 84. 

The ball marking unit 32 is powered by a re- 
chargeable battery pack 88. Power is applied from 
the battery pack 88 to a signal generator 90 which is 
coupled to an ultrasonic transducer 92. The ultrasonic 
transducer 92 is coupled to the air through the tuned 
port 80. The tuned port 80 increases the coupling ef- 
ficiency to the air at the desirable height 82 in order 
to increase the reliability of transmitting and receiving 
the ultrasonic signal f t : The battery pack 88 addition- ' 
ally applies power to an on-channel radio frequency 
transmitter 94 and a modulator heterodyne 96. The 
modulator heterodyne 96 includes a first button 
switch 98 and a second button switch 100 such that 
the gaming official will press one of the two buttons 
to transmit an RF signal indicating toward which goal 1 
the game is being played. Depending on which of two 
button switches 98 or 1 00 is pressed, one of two tones 
will be placed on a carrier wave generated in the 
transmitter 94 and will be transmitted through an an- 
tenna 102 embedded in the housing 84. Additionally, 
if switch 99 is activated, a third signal will be transmit- 
ted via modulator heterodyne unit 96 and antenna 102 
for receipt by signal processing unit 34 as an indica- 
tion that unit 32 is being operated in a RELOCATE OR 
REPOSITION mode. - 

In a football game application, the RELOCATE 
mode would be used by the official to reset the ball 
at its location on a previous down, for example, after 
an incomplete forward pass or in preparation for add- 
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ing penalty yardage from the previous position of the 
bail. In the RELOCATE mode the official would move 
unit 32 along the field and wait for the in position light 
(IPD) 97 to visually indicate the previous position has . 
been attained. The official knows which direction in 5 
which to move unit 32 by observing the left and right 
arrow lamps 93 and 95. The left, right and in-position 
lamps are activated by signals transmitted by signal 
processing unit 34 (FIG. 2) and received at unit 32 via 
antenna 91 and demodulator unit 89. Alternatively, 10 
audible indications could be given to the user of unit 
32. In the normal, nonnrelocate mode, the IPD lamp . 
or audible signal is also used to indicate to unit 32 
from CPU 36that the calculation of a new ball position 
is complete. t5 

The RELOCATE mode could find non-gaming ob- 
ject location applications. For example, in underwater 
salvage operations, one could accurately return to the 
last inspected search location after an interruption in 
salvage or search activity. 20 

Now turning to FIG. 4, a discussion of one of the 
sensor modules 26 will be given. It wilt be understood 
that both of the other sensor modules 28 and 30 will 
be identical to the sensor module 26 of FIG. 4, and 
therefore will not be discussed. The sensor module 26 25 
includes a housing 112 which is buried in the ground 
relative to the side line 14 of the playing field 10 such 
that a portion 106 of the housing 112 extends a pre- 
determined distance above the ground. Molded as 
part of the housing 112 within the portion 106 is a 30 
tuned port 108. The module sensor 26 includes a 
transducer, such as a microphone, element 110 
acoustically connected to the tuned port 1 08. The mi- 
crophone element 110 converts the acoustical energy 
received by the port 108 to electrical energy variable 35 
at an ultrasonic rate. This electrical signal is then ap- 
plied to a band-pass amplifier 114 to achieve greater 
selectivity and generate enough energy to drive the 
coaxial cable 44. The band pass filter 114 is powered ■ 
by a DC signal coming through the cable 44 from the 40 
signal processing unit 34. 

Now turning to FIG. 5, a discussion of the calibra- 
tion source 24 will be given. As is apparent, the cali- 
bration source 24 is substantially identical to the sen- 
sor module 26 in appearance. In this regard, the cal- 45 
ibration module 24 includes a housing 124 embedded . 
in the ground relative to the side line 12 of the playing 
field 10suchthata portion 120 of the housing 124ex- 
tends above the ground so that a tuned ultrasonic 
port 122 is positioned the distance 82 above the 50 
ground. As above, the tuned port 122 is molded as 
part of the housing 124. Additionally, the tuned port 
122 is acoustically connected to a transducer 126. 
The transducer 1 26 is electrically connected to signal 
generator 128 for generating an electrical driving.sig- 55 
nal to transducer 126 which, in turn, generates the 
acoustic signal. The signal generator 128 receives 
power from a rechargeable battery pack 130 and also 



a signal from a receiver 132. The receiver 132 gener- 
ates the shut-off signal to generator 128 when an an- 
tenna 134 receives the radio frequency f 2 from the 
ball marking unit 32. Additionally, a shut-off switch 
(not shown) can be incorporated to turn the calibra- 
tion source 24 off when the ball locating system is not 
in operation; 

Now turning to FIG. 6(a), a ball locating system 
160, according to a second preferred embodiment of 
the present invention, is shown in a schematic block 
diagram. In this embodiment, only radio frequency 
signals will be utilized as the transmission between a 
bail marking unit (not shown) and the different receiv- 
ers positioned relative to the playing field 10. Be- 
cause RF signals are used, the environment does not 
play a factor in transmission, and therefore, a calibra- 
tion source is not required. For simplicity, the ball 
marking unit and the receivers can be configured in 
the same positions relative to the playing field 10 as 
discussed above for the ball marking unit 34 and the 
sensor modules 26,<28 and 30/Furfcher, because the 
ball marking unit associated with this embodiment is 
a simple RF transmitter, well known to those skilled in 
the art, it need not be depicted; Likewise, since each 
of the receivers in this embodiment are.simple RF. re^ 
ceivers which converts RF energy intoprbportiohate 
electrical signals, these receivers are also well known 
in the art, and therefore, will not be elaborated on in 
any further detail. ' 1 ^ 

The system 160 includes a first receiver.162 and 
an associated RF antenna 1 64, a second receiver 1 66 
and an associated RF antenna; 168, a third receiver 
170 and an associated RF antenna 172, a fourth re- 
ceiver 174 and an associated RF antenna 176, and a; 
fifth receiver 178 and an associated RF antenna 180. 
Turning to FIG. 6(b), one possible configuration of the 
receivers 162, 166, 170, 174 and 178 is shown rela-* 
tive to each other. It is noted, however, with the RF 
embodiment, the configuration of the receivers 162; 
166, 170, 174 and 178 relative to the playing field 10 
can be arbitrary. The configuration of the revivers 
relative to each other should, however, be arranged 
such that there is a horizontal configuration of the re- 
ceivers 162, 166 and 170 and a vertical configuration 
of the receivers 166, 174 and 178; The dashed line 
represents an arbitrary zero. In this manner, the re- 
ceiver 166 acts as a reference receiver for the hori- 
zontal configuration and the receiver 174 acts as a 
reference receiver for the vertical configuration. All of 
the horizontal signals are processed relative to a sig- 
nal received first at the receiver 166, and all of the 
vertical signals are processed relative to a signal re- 
ceived first at the receiver 174. Although the system 
160 can be used in a variety of object locating sys- 
tems, it is stressed that for a football locating applica- 
tion, oniy the receivers 162, 166 and 170 are required 
as with thefirst embodiment above. 

Returning to FIG. 6(a), the signals received by 
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each of the antennas 164, 168, 172, 176 and 180 are 
processed by the associated receivers 162, 166, 170, 
1 74 and 1 78 to produce a clipped, hard-limited square 
wave having frequency f,. The output signal from the 
reference receiver 166 is separated and applied to a 5 
first coarse programmable delay circuit 182 and a 
second coarse programmable delay circuit 184. The 
programmable delay circuits 182 and 184 provide a 
coarse delay used in determining the delay times of 
received signals. The signals from the programmable 10 
delay circuits 1 82 and 1 84 are then applied to first and 
second fine programmable delay circuits 186 and 
188, as shown. If smaller time delay measurements 
are desired, then additional, del ay circuits can be cas- 
caded to further increase the delay resolution. The 15 
outputs from the fine programmable delay circuits 
186 and 188 are applied to threshold logic circuits 190 
and 192, respectively. Additionally, the signal from 
the sensor 162 is applied to the threshold logic circuit 
1 90, and the signal from the sensor 1 70 is applied to 20 
the threshold logic circuit 192. The output from each _ ■ 
of the threshold logic circuits 190 and 192 is applied 
to inhibit further incrementing of the first and second 
programmable delay circuitsr182,186 and 184, 188, 
respectively. Delay times from the delay, circuits 182, 25 
186 and 184, .188 are then applied, to a CPU (not 
shown) for comparison as will be discussed in greater 
detail below. The programmable. circuits .182- 186 are 
commercially available microcomputer controlled de- 
vices well understood to those skilled in the art Cir- 30 
cuits 182-186 could, for example, comprise type 
AD9500 available from Analog Devices. 

Threshold logic elements »1 90; 192,202 and 204 
are circuits which respond quickly to inputs of very 
short duration pulses of varying phase. The desired 35 
output of the threshold logic element is activated only 
when the two inputs thereto are substantially exactly 
in phase. Each threshold logic element 190,192,202 
and 204 .could, for example; be comprised of three 
commercially available ultra fast operational am pi if i- 40 
ers configured as shown in FIG. 6c. One such suitable 
device for each operational amplifier is the LH0032 
from National Semiconductor Threshold logic ele- 
ment 190 of FIG. 6a Is set forth in more detail in FIG. 
6c. Inputs 191 and 193 and output 195 are shown in 45 
both FIGS. 6a and 6c. rA i . 

As mentioned above for the ultrasonic em bod i- •■ 
ment, the signal processed by the reference receiver 
166 is always physically received prior to the signals 
received at receivers 162 and 170. Thissignal is proc- so 
essed through the programmable delay,circuitS;182- 
1 88 in order to delay the pulsed signal a complement 
tary time so as to coincide with the signals received 
at the other two receiver modules 162 and- 170;- As 
long as the operating signal frequency is lower than 55 
approximately 3.0 MHz, the leading edge of one cycle 
will not overlap the leading edge of the'next cycle in 
the worst-case transit time, thus eliminating the pos- 



sibility of aliasing. The programmable delay circuits 
182 and 186 provide a high resolution in incremental 
steps of delay for the pulsed signal received at their* 
inputs. The output from the fine programmable delay- 
circuit 186 is applied to the threshold logic circuit 190 
along with the signal from the receiver 162 for com- 
parison of the two signals. When the signal from the 
receiver 166 has been delayed enough so that the 
two signals from receivers 162 and 166 coincide, the 
signal at the output of the threshold logic circuit 190~ 
applied to the fine programmable delay circuits 182, 
186 wOl indicate that this event has occurred, and the 
delay circuit will output a delay signal indicative of the 
delay. The delay time between the signals of receiv- 
ers 162 and 166 is immediately determined by read- 
ing a digital output word of the microprocessor used 
to program the delay circuits. Additionally, the time 
delay between the signals of receivers 166 and 170 
may be read as a digital output word the microproces- 
sor applied to the programmable delay circuits 184, 
188. 

The signal from the vertical reference receiver 
174 is also applied to a third programmable coarse 
delay circuit 194 and a fourth programmable coarse 
delay circuit 196 to provide for vertical delay compar- 
ison. The outputs from the programmable delay cir- 
cuits 194 and 196 are applied to fine programmable 
delay circuits 198 and 200, respectively. The outputs 
from the programmable delay circuits 198 and 200 
are applied to threshold logic circuits 202 and 204, re- 
spectively. Additionally, the signal from the horizontal 
reference receiver 166 is applied to the threshold log- 
ic circuit 202 and the signal from the vertical receiver 
178 is applied to the threshold logic circuit 204. The 
outputs from the threshold logic circuits 202 and 204 
are applied to the programmable delay circuits 194, 
198 and 196, 200, respectively. In this manner, delay 
times are generated as the inputs to the delay circuits 
1 94, 198 and 196, 200 for the vertical direction in the 
same manner as above for the horizontal direction. 
These delay signals are then applied by the CPU to 
the programmable delay circuits in the same manner 
as discussed above. The combination of the vertical 
and horizontal location provides a method of locating 
an object in a three-dimensional space. 

A discussion of the calculations to be performed; 
according to a preferred embodiment, in order to at- 
tain the acquisition of time delays for determining the 
position of the gaming ball (or other object) for both 
embodiments above will now. be given. Referring to 
FIG. 7, the playing field 10 is shown relative to a co- 
ordinate axis system. The length of the field is the x- 
axis and the width of the field is the y-axis, both rep- 
resented in inches. According to the sensor configur- 
ation in FIG. 1, the sensing module 26 will be at the 
x = 0 inch line, the sensing module 28 will be at the x 
= 1800 inch line, and the sensing module 30 will be 
at the x = 3600 inch line. The receivers for the RF em- 
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bodiment can also take on this configuration. There- 
fore, the discussion below wOl be equally relevant to 
that embodiment and as such sensing modules 26, 28 
and 30 will be interchangeable with receivers .162, 
166 and 170, respectively. 5 

As mentioned above, the sensing module 28 re- 
ceives the ultrasonic signal first, and thus, acts as a 
reference for the delay signals as received and sent 
by the sensing modules 26 and 30. It has been dis- 
covered that the delay time between the reference 10 
signal received directly at the sensing module 28 and 
the signal received at the sensing module 28 via the 
sensing module 26 can be depicted as an elliptical cyl- 
indrical coordinate system with the y-axis centered at 
the x = 900 inch line as represented in FIG. 8(a). Like- 15 
wise, the delay time between the reference signal re- 
ceived directly at the sensing module 28 and the sig- 
nal received at the sensing module 28 via the sensing 
module 30 also can be depicted as a second elliptical 
cyi indrical coord inate system wit h t he y-axis centered 20 
at the x = 2700 inch line as shown in FIG. 8(b). 

Therefore, each delay time can be represented as 
one of the rays of the elliptic cylindrical coordinate 
system associated with each of the sensing modules 
26 and 30 depending on the location of the ball mark- 25 
ing unit 32. Once it is determined which ray of each 
coordinate system is representative of the delay time, 
the two rays can be traced out from the horizontal ref- " 
erence axes of the coordinate systems until they con- 
verge within a predetermined tolerance. This con- 30 
verging point is the location of the ball marking unit 
32. This concept is graphically depicted in FIG. 9. In 
this figure, U1 and U2 represent variable locations 
along each ray being traced out. More particularly, U1 
represents incremental positions along the particular 35 
ray being traced from the coordinate system of the 
sensing module 26, and U2 represents incremental 
positions of the ray being traced out from the sensing 
module 30. U1 and U2 have a value of zero (0) at the 
sideline 14. 40 

With the discussion above concerning ray trac- 
ing, the method of actually calculating the gaming 
ball's position will be given with particular reference 
to the flow chart as shown in FIGS. 10a and 10b. In 
FIG. 10a, block 220 represents the continuous calcu- 45 
lation of a correction factor provided by the calibration 
source 24 and as performed by the CPU 36. A cor- 
rection factor is calculated for each of the different de- 
lay times for the sensing modules 26 and 30. More 
particularly, the correction factor CF1 for the sensing so 
module 26 and the correction factor CF2 for the sens- 
ing module 30 are represented by the following equa- 
tions: ' 

CF1 = (VlA 2 + WA 2 + 1800 - 

V(1800 - LA) 2 + WA 2 ) / PC1, : 55 

CF2 = (V(3600 - LA) 2 +- WA 2 + 1800 - 



V(1800 - LA) 2 + WA 2 ) / PC2, 
where LA is the x-axis position of the calibration 
source 24, WA is the y-axis position of the calibration 
source 24, PC1 is the measured pulse count between 
the direct reception of the ultrasonic signal atthe sen- 
sor module 28 and the ultrasonic signal received at 
the sensor module 28 via the sensor module 26, and 
PC2 is the measured pulse count between the direct 
reception of the ultrasonic signal from the calibration 
source 24 at the sensor module 28 and the ultrasonic 
signal received at the sensor module 28 via the sen- 
sor module 30. The correction values CF1 and CF2 
are given in inches per pulse and are continuously up- 
dated when the system is on. Because the RF em- 
bodiment does not require calibration, this step is not 
performed for the RF embodiment. . 

If the ball marking unit 32 is switched on as rep- 
resented by decision block 222, the sensing modules 
26, 28, and 30 will then receive the ultrasonic signal 
from the ball marking unit 32. Trie delay times are 
measured as values P1 and P2, where P1 is the 
measured pulse count between the directreception of 
the ultrasonic signal from the bail marking unit 32 at 
the sensor module 28 and receptionof the signal at 
the sensor module 28 via the sensor module 26, { and 
P2 is the measured pulse count between the direct 
reception of the ultrasonic signal from the ball mark : 
ing unit 32 at the sensor module 28, and reception of 
the signal at the sensor module 28 via the sensor 
module 30. Once the delay times P1 and P2 are cal- 
culated, they are corrected (in the ultrasonic embodi- 
ment) by multiplying the correction factor CF1 times 
the delay value P1 and the correction factor CF2.tk 
mes t he delay value P2 in order to get corrected delay 
values D1 and D2, respectively. This step is repre- 
sented by box 224. For the RF embodiment, the sys- 
tem does not calculate corrected delay values, but 
merely uses P1 and P2 (converted to units of length, 
or in t his rf embodiment, inches). 

As is known from classical mathematics (see, for 
example, Schaum's Outline Series - Mathematical 
Handbook of Formulas and Tables , M.R. Spiegel 
1968), in an elliptical cylindrical coordinate system 
having coordinates u, v, z,*the traces of these coor- 
dinate surfaces on the xy cartesian coordinate plane 
are given by . 

x = a(cbshu)(cosv) 
"y = a(sinh u) (siri v) 
where u i o and o ^ v ^ 2% \ 
A parabblic path or ray is defined for each value of v 
(where V is the angle a tangent to the ray makes with 
the x axis), arid as one proceeds from the x axis (u = 
o) outwardly along each' ray, u increases as a series 
of ellipses. Therefore, to determine which ray repre- 
sents a delay tirrte D at starting point u = o in FIGS. 
8(a), and 8(b), a sine and cosine calculation for each 
of the delay times' is performed. This step is repre- 
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sented by block 226. The cosine value CV1 for the co- 
ordinate system of the sensing module 26 is given by 
the equation: 

CV1 = (D1 - 1800)/ 1800. 
The sine value SV1 for the coordinate system of the 5 
sensing module 26 is give n by the equ ation: 

SV1 = + Vl - (CV1)2. 
Likewise, the cosine value CV2 for the coordinate 
system of the sensing module 30 is given by the 
equation: : ' . 10 

CV2 = (1800 - D2)/1800. 
And finally, the sine value SV2 for the coordinate sys- 
tem of the sensing module 30 is given by the equa- 
tion: ■ < ■ • „ 

SV2 = + Vl-(CV2)2. 

Once these calculations are made and the spe- 
cific rays to be traced are distinguished, it is neces- 
sary to* fteratively proceed along both of the delay 
rays until they converge within a predetermined tol- 2 o 
era nee as discussed above with respect to FIG. 9. As 
represented by the step of block 228, the CPU 36 first 
initializes U1 and U2 to zero (0) as representative of 
the values of U1 and U 2 at the sideline 14. Next, as 
represented by the step oif block 230, the values of U1 25 
and U2 are incremented a predetermined amount 
Once the new values of 111 and U2 are available, val- 
ues X1 , Y1 , X2 and Y2 are calculated as possible ball 
locations along the particular ray for each of the co- 
ordinate systems as represented by the following 30 
equations:' ' 

XI = < 900 x COSH (Ul j xCVT * 900, 
"* \Y1 = 900xSINH(U1)xSVI, 

X2 = 900 x COSH (U2) x CV2 ; + 2700, and 

Y2 = 900 x SINH (U2) x~SV2. 35 
In other words, (X1 , Y1) represents the cartesian co- 
ordinate value of U1, and (X2, Y2) represents the car- 
tesian coordinate value of U2. this is represented by 
the step of block 232. The distance between the two 
calculated values for the possible ball locations is ^ 
then determined at block 234 by the following equa- 
tion: . >v. . v 

DISTANCE f + V(X2 - X1)* + (Y2 -.'Yty. 
If this distance is within a predetermined tolerance as 
represented by the step of decision block 236, then 45 
the CPU 36 will, at decision block 221 of FIG. 1 0b, de- 
termine whether ball marker unit 32 is in normal or re- 
locate operating mode. If in normal mode, CPU 36 will 
indicate the position of the ball, set markers, etc., as 
indicated at block 238. This new ball, position is also . 50 
saved at block 239. When the points (Xj, Y t ) and (X 2 » 
Y2) are within tolerance, the displayed and . stored . 
position can be chosen as either of the cartesian cor ■. 
ordinate pairs. Alternatively, and X and Y value-could 
be interpolated from the pairs. Obviously, jn .the case 55 
of football yardage marking, only an .X coordinate 
need be determined. If, however, the distance is not 



within the predetermined tolerance, the procedure 
will return to the step 230 of FIG. 10a for incrementing 
and/or decrementing the values of U1 and U2 by a 
predetermined amount in order to recalculate their 
position relative to the rays being traced to find the 
convergence of the two rays. It has been shown in 
practice that this method of calculation has an up-' 
ward maximum value of about 25 steps. In this man- 
ner, an accurate location of a gaming ball can be cal- 
culated in an effective manner. 

Returning to the, flow chart of FIG. 10b, if ball 
marking unit 32 is in the relocate mode, as deter- 
mined by decision block 221, then CPU 36 compares 
the just-calculated position with the last previous pos- 
ition at block 223. If the current position of unit 32 is 
to the left of the last position, as determined at deci- 
sion block 225, then a LEFT or L signal is forwarded 
to unit 32. If the current position of unit 32 is to the 
right of the last position, as determined at decision 
block 229, then a RIGHT or R signal is forwarded to 
unit 32. If the old and new positions coincide (within 
a preselected tolerance), then an in-position-detect- 
ed, or IPD, signal is forwarded to unit 32. Of course, 
it will be appreciated that in a football game applica- 
tion, only the X-axis component of the position of unit 
32 need be examined at blocks 223, 225 and 229 of 
FIG. 106. In other two or three dimensional relocate 
applications, coincidence of all coordinate locations 
would be required. 

Now turning to FIG. 11, a side view of the ball 
marking system 15, discussed above with reference 
to FIG. 1, is shown. As mentioned above, the ball 
marking system 15 includes the first control unit 17 at 
one end of the playing field 1 0 and the second control 
unit 21 at an opposite end where a segmented alumi- 
num drive track 19 connects the units 17 and 21. The 
control units 17 and 21 are operable to position a set 
of chain drives travelling through the drive track 19 so 
as to position the ball marker 23 and a first down 
marker 25 anywhere along the playing field 10 for a 
visual representation of the football location and the 
distance to a first down. 

FIG. 12 depicts a cut-away side view of the con- 
trol unit 1 7 of the system 15. Positioned within the unit 
17, in one embodiment is a processing unit 262, 
which could be the CPU 36 of FIG. 1 , electrically con- 
nected to a ball marker drive unit 250 and a first down 
marker drive unit 252. The processing unit 262 re- 
ceives its commands from a transducer interface 254 
which, in turn, receives its signal from a series of co- 
axial cables 256 connecting the interface 254 with 
the sensors depending on the ball locating system 
used in association with the system 15. 

The ball marker drive unit 250 is connected to a 
first drive chain 258 in order to position the ball mark- 
er 23 at any location along the field 10. Additionally, 
the first down marker drive unit 252 is connected to 
a second drive chain 260 in order to position the first 



down marker 25 at any location aiong the field 10. A 
series of drive pulleys provide the connection mech- 
anisms between the drive chains and drive units, as 
shown. When the ball marker drive unit 250 and the 
first down marker drive unit 252 receive control sig- 5 
nals from the processing unit 262, they automatically 
position the ball marker 23 and the first down marker 
25 by means of the drive chain 258 and 260 accord- 
ingly. Therefore, once the processing unit processes 
the delay signals from the sensors it automatically 10 
positions the ball and first down markers 23 and 25. 

The ball marker 23 is connected to the drive chain 
258 by means of a marker support assembly 266, 
which will be described in greater detail below. Fur- 
thermore, a breakaway section 264 is incorporated at 15 
the base of the bail marker 23 adjacent the support 
assembly 266. The breakaway section 264 provides 
a means by which the ball marker unit 23 will give 
away in order to avoid personal injury if contacted by 
a player. 20 

Turning to FIG. 13, the control unit 21 is shown 
in a cut-away side view. The control unit 21 includes 
a first chain drive unit 268 for adjusting chain slack 
and expansion characteristics of the drive chain 260 
and a second chain drive unit 270 for adjusting chain 25 
slack and expansion characteristics of the drive chain 
258. The chain drive units 268 and 270 are commer- 
cially available units, such as the DC1 VS product line 
available from Reliance Electric, or other equivalent 
unit wherein electronic monitoring of the chain drive 30 
motor speed and torque provides feedback informa- 
tion for maintaining consistent control of the drive 
chain, while preventing chain breakage and enabling 
exact positioning thereof. The drive chains 258 and 
260 are connected to the chain drive units 268 and 35 
270 by means of associated pulleys, as shown. As 
mentioned above, the segmented aluminum drive 
track 19 connects the control unit 17 with the control 
unit 21 along which the drive chains 258 and 260 trav- 
el. 40 

Turning to FIG. 14, a cross-sectional end view of 
the aluminum drive track 19 is shown. As is apparent, 
the ball marker 23 and the first down marker 25 are 
connected to the drive chains 260 and 258, respec- 
tively, within the drive track 19. A series of nylon 45 
guides 272 enable the drive chains 258 and 260 to 
travel through the drive track 19 with the appropriate 
and desirable support with minimization of friction. 
Additionally, a series of nylon bushing assemblies 
274 known to those skilled in the art, are attached to 50 
the drive chains 258 and 260 at predetermined loca- 
tions. 

FIG. 15 shows a cut-away side view of the ball 
marker 23. It will be understood that the first down 
marker 25 is identical, and the discussion below will 55 
equally apply to that marker. The ball marker 23 en- 
gages the drive chain 260 by means of a spring- 
loaded locking mechanism 278. The spring-loaded 



locking mechanism 278 includes a first plate 280 hav- 
ing downward protruding teeth 286 and a second 
plate 282 also having downward protruding teeth 
288. The first and second plates 280 and 282 are con- 
nected to each other by means of a spring 284. In this 
manner, the drive chain 260 can engage with the 
teeth of the locking plates 280 and 282 in order to 
move the bail marker unit 23 along the drive track 19. 

The foregoing discussion discloses and de- 
scribes merely exemplary embodiments of the pres- 
ent invention. One skilled in the art will readily recog- 
nize from such discussion, and from the accompany- 
ing drawings and claims, that various changes, mod- 
ifications and variations can be made therein without 
departing from the spirit and scope of the invention as 
defined in the following claims. 



Claims 

1. An object locating system for locating an Object 
relative to a preselected area, said object locating 
system comprising: 

a calibration source positionable relative, 
to the preselected area, said calibration source 
operable to emit an ultrasonic signal at a first fre- 
quency; ... 

an object marking unit positionable rela- 
tive to the preselected area, said object marking 
unit operable to emit an ultrasonic signal at sub- 
stantially the first frequency and a radio frequen- 
cy signal at a second frequency, wherein the cal- 
ibration source is further operable to receive the 
radio frequency signal from the object marking 
unit and discontinue emitting the ultrasonic signal 
upon receipt of the radio frequency signal; , 

a plurality of sensors positionable relative 
to the preselected area, each of said sensors op- 
erable to receive the ultrasonic signal from either 
the calibration source or the object marking unit 
and convert the ultrasonic signal into a propor- 
tionate electrical signal; and 

a processing unit operable to receive the 
electrical signals from each of the sensors and 
measure a time delay between ultrasonic signals 
received from at least two of the sensors. 

2. The object locating system according to Claim 1 
wherein the calibration source includes a signal 
generator for generating an electrical signal, a 
transducer for receiving the electrical signal from 
the signal generator and generating a proportion- 
al ultrasonic signal, an antenna for receiving the 
radio frequency signal from, the object marking 

• unit and a receiver operable to switch off the sig- 
nal generator upon receipt of the radio frequency 
signal. . . ; r , ;: 
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3. The object locating system according to Claim 1 
wherein each of the plurality of sensors includes 
a transducer for receiving ultrasonic signals and 
generating a proportionate electrical signal to be 
transmitted to the processing unit. 

4. The object locating system according to Claim 1 
wherein the processing unit includes a limiter cir- 
cuit and a threshold detection circuit for each in- 
put from the plurality of sensors, each of the de- 
tection threshold circuits being operable to gen- 
erate a time phased signal dependent on the ul- 
trasonic signal received from the sensing mod- 
ules, said processing unit further including an an- 
tenna for receiving the radio frequency signal and 
a demodulation circuit for providing an electrical 
signal related to the radio frequency signal. 

5. The object locating system according to Claim 1 
wherein the object marking unit includes an ultra- 
sonic generator for generating the ultrasonic sig- 
nal, a modulator circuit for generating the radio 
frequency signal and an antenna for emitting the 
radio frequency signal. 

6. The object locating system according to Claim 1 
wherein each of the object marking unit, the plur- 
ality of sensors and the calibration source include 
tuned ports operable to be positioned a predeter- 
mined distance above the preselected area. 

r " * * *■ • • 

7. The object iocating system according to Claim 1 , 
wherein the object comprises a gaming ball, the 
preselected area comprises a playing field, and 
further comprising an automatic ball marking ap- 
paratus, said ball marking apparatus positionable 
adjacent the playing field and being operable to 
receive signals from the processing unit in order 
to automatically position a ball marker associated 
with the ball marking apparatus relative to the 
position of the gaming ball. 

8. The ball locating system according to Claim 7 
wherein the ball marking apparatus includes a 
first control unit positionable proximate one end 
of the playing field, a second control unit position- 
able proximate an opposite end of the field, and 
a drive track extending between the first control 
unit and the second control unit, said first control 
unit including a drive unit operable to receive ball 
location signals from the processing unit and pos- 
ition a first drive chain upon receipt of the ball lo- 
cation signals, said first drive chain running 
through the drive track and being operable to 
position the ball marker. 

9. The ball locating system according to Claim 8 
wherein the first control unit includes a second 



drive unit operable to receive the ball location sig- 
nals from the processing 'unit and position a sec- 
ond drive chain, said second drive chain also run- 
ning through the drive track and being operable 
5 to position a down marker. 

10. The ball locating system according to Claim 8 
wherein the ball marker includes an elongated 
member extending from a support member 
10 wherein the support member is rigidly attached to 

the first drive chain, said elongated member in- 
cluding a breakaway section substantially adja- 
cent to the support member. 

15 11. The object locating system according to Claim 1 
wherein the processing unit is operable to receive 
the radio frequency signal in order to determine 
whether the signals are coming from the calibra- 
tion source or the object marking unit. 

20 

12. The object locating system according to Claim 1 ' 
wherein the plurality of sensors comprises three 
sensors positioned along a first boundary of the 
preselected area wherein one of the sensors is a 

25 reference sensor, and wherein the electrical sig- 

nals from the sensors are applied to the process- 
ing unit so that the signal from the reference sen- 
sor reaches the processing unit before the sig- 
nals from t he ot her two sensors. 

30 

13. The object locating system according to Claim 12 
wherein the processing unit is operable to gener- 
ate a first delay time as a function of the time that 
the signal from the reference sensor reaches the 

35 processing unit relative to when the signal from 

one of the other two sensors reaches the proc- 
essing unit and a second delay time as a function 
of when the signal from the reference sensor 
reaches the processing unit and when the signal 

40 from the other of the two sensors reaches the 

processing unit 

14. The object locating system according to Claim 13 
wherein the processing unit is further operable to 

45 calculate a correction factor for each of the first 

and second delay times. 

1 5. The object locating system according to Claim 1 3 
wherein the processing unit is further operable to 

so calculate a location relative to the preselected 

area based on a comparison between first and 
second delay times. 

16. A locating system comprising: 

55 a transmitter having first means for trans- 

mitting a first signal at a first predetermined fre- 
quency; 

a plurality of sensors positionable in a pre- 
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determined pattern wherein one of the sensors is 
a reference sensor, each of the sensors operable 
to receive the first signal from the transmitter and 
produce a related electrical signal; and , 

a processing unit operable to receive and 5 
process each of the electrical signals from the 
plurality of sensors, said processing unit includ- 
ing a first delay circuit operable to delay the elec- 
trical signal received from the reference sensor to 
coincide with the electrical signal received from 10 
a first of the plurality of sensors and generate a 
first time delay signal representative of that de- 
lay, and a second delay circuit operable to delay 
the electrical signal received from the reference 
sensor to coincide with the electrical signal re- 15 
ceived from a second of the plurality of sensors 
and generate a second time delay signal repre- 
sentative of that delay, wherein the processing 
unit utilizes the first time delay signal and the sec- 
ond time delay signal to determine t he location of 20 
the transmitter. ; 

17. The locating system of claim 16 wherein the first 
predetermined frequency is within the radio fre- 
quency spectrum. 25 

18. The system according to Claim 16 wherein the 
plurality of sensors includes a series of sensors 
for determining a horizontal location of the trans- 
mitter and a series of sensors for determining a 30 
vertical location of the transmitter, wherein the 
reference sensor is a horizontal reference sensor 

of the series of sensors for determining the hori- 
zontal location, and wherein the processing unit 
includes a third delay circuit operable to delay the 35 
electrical signal received from a vertical refer- 
ence sensor to coincide with the electrical signal 
received from the horizontal reference sensor 
and generate a third time delay signal represen- 
tative of that delay, and a fourth delay circuit op- 40 
erable to delay the electrical signal received from 
the vertical reference sensor to coincide with the 
electrical signal received from a third of the plur- 
ality of sensors and generate a fourth time delay 
signal representative of that delay, wherein the 45 
processing unit utilizes the third delay signal and 
the fourth delay signal to determine a vertical lo- 
cation of the transmitter. 

19. The system according to Claim 16 wherein each 50 
of the first and second delay circuits include a 
coarse delay circuit and a fine delay circuit for 
providing different levels of delay resolution. 

20. The system according to Claim 16 further com- 55 
prising a first threshold detection logic circuit and 

a second threshold detection logic circuit, said 
first threshold detection logic circuit operable to 



receive the electrical signal from the first sensor 
and an electrical signal from the first delay circuit 
and to provide an output signal to the first delay 
circuit indicative of the coincidence between the 
electrical signal from the first sensor and the 
electrical signal from the reference sensor, said 
second detection threshold logic circuit operable 
to receive the electrical signal from the third sen- 
sor and an electrical signal from the second delay 
circuit and to provide an output signal to the sec- 
ond delay circuit indicative of the coincidence be- 
tween the electrical signal from the reference 
sensor and the electrical signal from the second 
sensor. 

21. The system according to Claim, 16 wherein the 
plurality of sensors comprises three sensors 
positioned relative to a gaming field, said refer- 
ence sensor being positioned at a central location 
between the ot her .two; sensors and said trans- 
mitter operable to be positioned relative to a 
game ball on the gaming field, wherein the locat- 
ing system determines the, location of the game 
ball. ■ ■ \ , .j; ;•»■ . , .-. , > ■ 

22. The system according to Claim .16 wherein the 
first delay circuit and the second delay circuit are 

- - - programmable. - ^. - - - - . - - r 

23. The system according to Claim 16 wherein the 
transmitter further comprises second means for 
transmitting at least one interrupt signal at a sec- 
ond frequency, and t •.. » J: 

wherein the processing unit further com- 
prises interrupt signal receiving means operative 
to receive the at least one interrupt signal and to 
generate interrupt signals in accordance there- 
with. . 

24. The system according to Claim 16 wherein the 
processing unit furt her comprises means for gen- 
erating and transmitting an indication signal indi- 
cative that the location of the transmitter has 
been determined;. and- 

wherein the transmitter further comprises 
indication signal receiving means for receiving 
the indication sigrial.sand means for intelligibly in- 
dicating that the indication signal has been re- 
ceived.. . 

25. The system according to Claim 16 wherein the 
transmitter further comprises second means for 
transmitting^ he plurality of Interrupt signals at a 
second frequency, and 

: wherein the processing unit further com- 

prises interrupt signal receiving means operative 
to receive the plurality of interrupt signals and to 
generate interrupt signals in accordance there- : 



23 



EP 0 585 101 A2 



24 



with. 

26. The system according to Claim 16 wherein the 
processing unit further comprises means for 
transmitting at least one of a plurality of indication 5 
signals indicative of a location of the transmitter 
relative to a previously determined transmitter lo- 
cation; and 

wherein the transmitter further comprises 
indication signal receiving means for receiving 10 
the at least one indication signal, and means for 
intelligibly indicating the location of the transmit- 
ter relative to the previously determined transmit- 
ter location. 

15 

27. A ball marking apparatus comprising: 

a first control device positionable proxi- 
mate one end of a playing field, said first control 
device including a drive unit operable to receive 
ball location signals from a processing unit and 20 
position a first drive chain upon receipt of the ball 
location signals; m'V.. : 

a ball marker 'rigidly attached to the drive 
chain and being positionable upon movement of 
the drive chain in order to provide a visual re pre- 25 
sentation of a ball location; 

a second control device positionable prox- 
imate an opposite end of the field to the first con- 
trol device, said second control device including 
a drive chain control unit operable to control the 30 
drive chain; and 

a drive track extending between the first 
control device and a second control device, said 
drive track operable to house the drive chain. 

•■ "■' 35 

28. The ball marking apparatus according to Claim 
27 wherein the ball marker includes an elongated 
member extending from a support member 
wherein the support member is rigidly attached to 

the first drive chain, said elongated member in- 40 
eluding a breakaway section substantially adja- 
cent to the support member. 

29. The ball marking apparatus, according to Claim 

27 wherein the first control device includes a sec- 45 
ond drive unit operable to drive a second drive 
chain for positioning a down marker, said second 
drive unit also receiving ball location signals from 
the processing unit, said drive track further being 
operable to house the second drive chain be- so 
tween the first and second control devices. 

30. The ball marking apparatus according .to. Claim 
27 wherein the first control device includes the r 
processing unit and a transducer interface, said 55 
transducer interface operable to receive trans- 
ducer signals from remote sensors and to send 
signals to the processing unit indicative of the-. 



signals from the sensors. 

31. The ball marking apparatus according to Claim 
27 wherein the drive track includes a nylon bush- 
ing engageable with the drive chain for minimiz- 
ing friction. 

32. An object locator comprising: 

a transmitter positionable at a location of 
the object to be located, said transmitter being se- 
lectively operable to emit a first signal at a first 
predetermined frequency; 

a plurality of sensors positionable at pre- 
determined locations relative to each other, each 
of the sensors operable to receive thesignal from 
the transmitter; and 

a processing unit electrically coupled to 
each of the sensors, said processing unit oper- 
able to determine the location of the transmitter 
as a function of the difference in time delays of 
electrical signals received from each of the sen- 
sors. 

33. The object locator according to. Claim 32 further 
comprising a calibration source positionable at a 
second predetermined location, said calibration 
source being operable to emit a second signal at 
a second predetermined frequency, wherein said 
plurality of sensors are further operable to re- 
ceive the second signal from the calibration 
source. 

34. The object locator according to Claim 33 wherein 
the first and second signals comprise ultrasonic 
signals having the same frequency and wherein 
the transmitter is operable to emit a radio fre- 
quency (RF) signal, wherein the calibration 
source is further operable to receive the RF sig- 
nal from the transmitter and discontinue emitting 
the second ultrasonic signal upon receipt of the 
RF signal such that the plurality of sensors only 
receive first ultrasonic signals from the transmit- 
ter. 

35. The object locator according to Claim 32 wherein 
the plurality of sensors is three sensors in which 
one of the sensors is a reference sensor. 

36. The object locator according to Claim 35 further 
comprising means for enabling the electric signal 
received from each of the three sensors to be re- 
ceived at the processing unit such that the signal 
from the reference sensor arrives at the process- 
ing unit prior to the signals from the remaining 
two sensors, said processing unit operable to 
measure a first time delay as a function of the dif- 
ference in time between the signal received at 
the reference sensor compared with the signal 
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received at a first of the other two sensors and a 
second time delay as a function of the time differ- 
ence between the signal received at the refer- 
ence sensor and a second of the' other two sen- 
sors. 

37. The object locator according to Claim 32 wherein 
one of the plurality of sensors is a reference sen- 
sor and wherein the processing unit includes a 
first delay circuit operable to delay an electrical 
signal received from the reference sensor to co-; 
incide with an electrical signal received from a 
first of the plurality of sensors and generate afirst 
time delay signal representative of that delay, 
and a second delay circuit operable to delay the 
electrical signal received from the reference sen- 
sor to coincide with an electrical signal received 
from a second of the plurality of sensors, and 
generate a second time delay signal representa- 
tive of that delay, wherein the processing unit util- 
izes the first time delay signal and the second 
time delay signal to determine the location of the 
object. 

38. The system according to Claim 37 wherein each 
of the first and second delay circuits include a 
coarse delay circuit and a fine delay circuit for 

- providing different levels of delay resolution — 

39. The system according to Claim 37 further com- 
prising a first threshold detection logic circuit and 
a second threshold detection logic circuit, said 
first threshold detection logic circuit operable to 
receive an electrical signal from the first sensor 
and an electrical signal from the first delay circuit 
and to provide an output signal to the first delay 
circuit indicative of the coincidence between the 
electrical signal from the first sensor and the 
electrical signal received from the reference sen- 
sor, said second detection threshold logic circuit 
operable to receive an electrical signal received 
from the third sensor and an electrical signal from 
the second delay circuit and to provide an output 
signal to the second delay circuit indicative of the 
coincidence between the electrical signal re- 
ceived from the reference sensor and the electri- 
cal signal received from the third sensor. 

40. The system according to Claim 32 wherein the 
transmitter further comprises second means for 
transmitting at least one interrupt signal at a sec- 
ond frequency, and 

wherein the processing unit further com- 
prises interrupt signal receiving means operative 
to receive the at least one interrupt signal and to 
generate interrupt signals in accordance there- 
with. 



41. The system according to Claim 32 wherein the 
processing unit furt her comprises means for gen- 
erating and transmitting an indication signal indi- 
cative that the location of the transmitter has 

5 been determined; and . . 

wherein the transmitter further comprises 
indication signal receiving means for receiving 
the indication signal, and means for intelligibly in- 
dicating that the indication signal. has been re- 

10 ceived. 

42. The system according to Claim 32 wherein the 
transmitter further comprises second means for 
transmitting a . plurality of interrupt signals at a 

15 second frequency, and ■ x . . . 

wherein the processing unit further com- 
prises interrupt signal receiving means operative 
to receive the plurality of interrupt signals and to 
generate interrupt signals in accordance there- 

20 with. ■-.-.!■ -.v s fi o : 

43. The system according ,to,. Claim 32 wherein the 
processing unit further comprises means s for 
transmitting at least one of a plurality of indication 

25 signals indicative of a location of the transmitter 
relative to a previously determined transmitter lo- ; 
cation; and. . - ; .>•-•;*.;: „n . , 

... wherein the trarismife^ 
indication signal receiving means for receiving 

30 the at least one indication signal, and means for 
intelligibly indicating the location of the transmit- 
ter relative to the previously determined transmit- 
ter location. ... . 

35 44. A method of determining a position of an object 
comprising the steps of: 

establishing an object area which is graph- 
ically represented by a first cylindrical coordinate 
system having a first origin and a second cylindri- 
40 cal coordinate system havjng a second origin; 

. transmitting a signal from the object; 
measuring a first time delay as a function 
of the difference between receipt times of the sig- 
nal received at a reference location and a signal 
45 received at t he reference location via a first addi- 
tional location; nr: - \ r - * 

measuring a second time delay as a func- 
tion of the difference between receipt times of the 
signal .received at ( the! reference location and a 
so , signal received at the reference location via a 
second additional location; ■ 

^, - determining which ray, of the first cylindri- 
cal coordinate system represents the first. time 
delay and which ray of the second cylindrical co- 
55 ordinate,system represents the, second time de- 
lay; and 

, ( .determining whether a first position along 
the t ray of the if irst coordinate system and a sec- 
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ond position along the ray of the second coordin- 
ate system are located within a predetermined 
tolerance. 

45. The method according to Claim 44 wherein the s 
step of determining a first and second position in- 
cludes the steps of incrementing the first position 
along the ray of the first coordinate system to es- 
tablish a new first position, incrementing the sec- 
ond position along the ray of the second coord in- to 
ate-system to establish a new second position, 
determining whether the new first and second 
positions are within the predetermined tolerance, 

and repeating the steps of incrementing and de- 
termining the new first and second positions until 15 
the new first and second positions are within the 
predetermined tolerance. 

46. The method according to Claim 44 further com- 
prising the steps of determining a correction fac- 20 
tor and applying the correction factor to the first 

and second time delays prior to the step of deter- 
mining the rays of the'f irst and second coordinate 
systems: " ' : "-'^ 1 ""• 

■ ':" s ',:f : ";''""^ M :l : " ; '\ 25 

47. The method according to Claim 44 further com- 
prising the step of initializing the first and second 
positions to zero prior to incrementing the first 
and second positions. 

48. The method according to Claim 44 wherein the 
first and second coordinate systems utilize ellipt- 
ical cylindrical coordinates. 

49. The method of Claim 44 comprising the further 35 
steps of: 

determining whether the object Is to be re- 
positioned at a previously determined position; 

whenever the objection is not to be repo-^ 
sitioned, indicating the position of the object and 40 
saving coordinates' of the position for future use; 
and " : - 

1 whenever the object is to be repositioned, 
comparing the position just determined with the 
previously determined position and providing an 45 

indication of results of the comparison. 

. ■ • -.'» ix.o: ' *• ■ . 

50. A method of determining a position of an object 
in a space with preselected boundaries compris- 
ing the steps of: \ r • 50 

positioning a reference receiver and a plur- 
ality of signal receivers in a predetermined pat- 
tern within the space; ' ' • *- " ; \ 

transmitting a locating signal from the ob- * 
ject for receipt by the reference receiver and by 1 55 
each of the plurality of signal receivers; 

retransmitting the locating 1 'signal from 
each of plurality of signal receivers to the refer- 



ence receiver 

determining delay times between receipt 
of the locating signal directly by the reference re- 
ceiver and receipt of the locating signal by the ref- 
erence receiver by way of each of the plurality of 
signal receivers; and 

determining the location of the object as a 
function of the delay times. 

51. The method of Claim 50 wherein each delay time 
defines a unique coordinate path in one of a plur- 
ality of coordinate systems, each associated with 
one of the plurality of signal receivers, and 
wherein the object position is that position de- 
fined as where the plurality of coordinate paths 
converge within a preselected tolerance. 4 
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(£) Object locator system. 

@ An object locating system, especially for use 
in locating a gaming ball in the game of football, 
utilizes a series of three sensors positioned on 
one side of a football playing field and a calib- 
ration source positioned on the other side. The 
calibration source emits an ultrasonic signal 
which is received by the sensors in order to 
provide a calibration signal. A ball marking unit 
is positionabfe on the field at a location of the 
ball and emits an ultrasonic signal which is 
received by the sensors and an RF. signal which 
is received by the calibration source in order to 
turn the calibration source off. The sensors 
provide signals in which a processing unit cal- 
culates time delays by a time acquisition pro- 
cess in order to determine the position of the 
ball. In an alternate embodiment, the. ball mark- 
ing unit emits only an RF signal which is re- 
ceived by the sensors. The sensors again 
provide signals which are analyzed by the pro- 
cessing unit to determine delay between receipt 
of the signals at the sensors. Additionally, an 
automatic ball marking unit on a track drive can 
be controlled by the processing unit to auto- 
matically provide a visual representation of the 
ball's location. 
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